*Dear Editor,*

According to the report by Chen et al. published in this journal,[@bib0001] a median duration of 11 days was observed between positive to negative SARS-CoV-2 PCR tests of upper respiratory tract samples from COVID-19 patients. COVID-19 morbidity and mortality are higher among older individuals.[@bib0002] However, no breakdown of recovery periods is available for different patient age groups in large population cohorts. Such knowledge may improve our understanding of COVID-19 and assist healthcare system readiness for future coronavirus epidemics or pandemics. Our study aimed at assessing the effects of age and sex of Israeli COVID-19 patients on their rate of recovery, applying datamining of a large dataset of 5769 recovered Israeli patients released to the public on April 28, 2020 by the Israel Ministry of Health.

A consortium study of 1420 mild-to-moderate recovered COVID-19 patients reported mean disease duration of 11.5 ± 5.7 days.[@bib0003] A single center Chinese study of 221 discharged COVID‐19 patients observed an average time to recovery of 10.63±1.93 days for mild to moderate patients, compared with 18.70±2.50 for severe patients.[@bib0004] Two other single center Chinese studies (127 and 225 recovered patients) reported a mean recovery time or median time of 20 and 21 days, respectively.[@bib0005] ^,^ [@bib0006] None of the above studies reported on time to recovery according to patient age or sex.

We analyzed a public dataset released on April 28th 2020 by the Israel Ministry of Health (<https://data.gov.il/dataset/covid-19>). The dataset listing recovered patient demographics includes anonymized records of 5769 Israeli patients (3370 men and 2399 women). Age groups are shown in this public dataset according to decades for the age range of 20 to 59 years, while for younger or older patients age groups are assigned as 0--19 years or as over 60 years. Recovery is defined by two consecutive negative SARS-CoV-2 throat swab test results. Time from infection to recovery is measured as number of days from first positive to first negative SARS-CoV-2 PCR test result. Statistical significance of differences in the recovery times between patient groups were compared using two-way ANOVA as described in the Figure and Table legends. Group differences with *p*\<0.05 were considered significant.

[Table 1](#tbl0001){ref-type="table"} shows the time for recovery by patient sex and age group according to the Israel Ministry of Health dataset of recovered patients released on April 28, 2020 and the differences (days) between group recovery periods. [Fig. 1](#fig0001){ref-type="fig"} presents (a) average recovery times in each age group for male and female patients and (b) average recovery times for male and female patients aged 0--29 years or \>30 years. As shown, male and female patients aged \>30 years had significantly longer recovery periods compared with younger patients (FD=0.95, *p*\<0.0001 and FD=0.97 days, *p* = 0.038, for men and women, respectively). These differences, while statistically significant, may seem small. Yet, they allow a conclusion that younger individuals, in addition to be less likely to have severe COVID-19 symptoms requiring intensive care unit hospitalization, are also recovering on average faster from SARS-CoV-2 infection.Table 1**Recovery rates from SARS-CoV-2 infection among Israeli male and female COVID-19 patients by age groups.** (**a**) Recovery periods (days) calculated from an anonymized dataset of recovered COVID-19 patients released to the public by the Israel Ministry of Health on April 28 2020 (<https://data.gov.il/dataset/covid-19>). This dataset includes time (days) from first positive to first negative SARS-CoV-2 PCR test for 5769 Israelis (3370 men and 2399 women). (**b**) Analysis comparing patients aged 0--29 years and \>30 years.Table 1a.Recovery Rate (Days±SD)Age  (%Male)\\Sex0--19 years\
 (54.6%)20--29 years\
(60.7%)30--39 years\
 (59.9%)40--49 years\
(59.5%)50--59 years\
(54.5%)\>60 years\
(56.7%)Male13.61±5.89\
*N* = 51013.97±5.81\
*N* = 85914.46±6.0\
*N* = 50214.79±5.72\
*N* = 46014.81±5.90\
*N* = 45714.73±5.896\
*N* = 582Female13.24±5.70\
*N* = 42313.99±5.9\
*N* = 55614.17±6.14\
*N* = 33514.76±5.90\
*N* = 31314.18±5.90\
*N* = 32813.99±6.44\
*N* = 444b.SexAgeRecovery Rate (Days±SD)Male0--29 years\
*N* = 136913.84 ± 5.67\>30 years\
*N* = 200114.69±6.0Female0--29 years\
*N* = 97913.66±5.87\>30 years\
*N* = 142014.24±6.16Fig. 1**Comparative recovery rates from SARS-CoV-2 infection among Israeli male and female COVID-19 patients by age groups.** (**a**) Statistics analysis by age decades (two-way ANOVA test) indicated statistically significant effects of age (\*\*\*\**p*\<0.0001, F (5, 5757) = 5.406) and sex (\**p* = 0.037, F (1, 5757) = 4.353). (**b**) Statistics analysis comparing patients aged 0--20 years and \>30 years indicated a significant effects of age (\*\*\*\**p*\<0.0001, F (1, 5765) = 19.65). Sidak\'s multiple comparisons test showed a significantly slower recovery rate in male patients over 30-year-old (\*\*\*\**p*\<0.001) and in female patients (\**p* = 0.038), compared to patients aged 0--29 years. Values signify average recovery rate (days) ± SEM.Fig 1

Of note, severity of COVID-19 or comorbidities are not included in the Israel Ministry of Health dataset of recovered patients applied for this analysis. However, given the average recovery times of between 13.239 to 14.814 days ([Table 1](#tbl0001){ref-type="table"}; lowest for women under 19 years and highest for men aged 50--59 years, respectively) it is clear that severe COVID-19 cases are not included in this dataset. Indeed, severe cases were reported to be discharged from hospital on average 8 days longer than mild-to-moderate patients requiring hospitalization.[@bib0004] A separate Israel Ministry of Health public dataset shows symptoms severity at first positive SARS-CoV-2 test result; however, as all records are anonymized there is no option for comparing individual patient symptoms at first positive test with their recovery periods.

Women are less likely than men to have severe acute respiratory distress (ARDS) or fatal outcome following SARS-CoV-2 infection.[@bib0007] ^,^ [@bib0008] The reasons for this sex difference remain unclear, and it has been suggested that this may reflect the fact that androgen hormones, which have higher plasma levels in men compared with women, drive the transcription of TMPRSS2, the gene coding for the protease essential for SARS-CoV-2 cell entry following the biding of its spike protein to cell membrane ACE2.[@bib0009]

A key confounder of our analysis is that the first positive SARS-CoV-2 PCR test results do not affect the time of a patient becoming symptomatic, in particular due to heavy workload and shortage of throat swab collection teams during late March and early April 2020, when the new infections in Israel were rapidly increasing. Yet, it seems reasonable to assume that the heavy workload during this period did not affect the observed between group differences, so that the recorded times between the first positive to first negative SARS-CoV-2 PCR test results may serve as proxy of time to recovery. In favor of this, all SARS-CoV-2 PCR testing in Israel (at time of writing this report) is done by the same RNA extraction and PCR specifications as coordinated by the Israel Ministry of Health COVID-19 emergency team.

The Israel Ministry of Health keeps updating the dataset for recovering COVID-19 patients. As the dataset applied for this report includes 5769 recovered COVID-19 patients, the findings on age group differences in time to recovery are unlikely to change for larger Israeli cohorts.

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. We are grateful to the Israel Ministry of Health for providing public access to anonymized COVID-19 patient records without need to obtain specific permits. This is a fine example of health records data sharing for improving human health.
